Study objective-The aim was to examine associations between blood pressure and dietary energy intake, physical activity, and physical fitness in Australian children.
The potential value of long term approaches to hypertension control based on the prevention of high blood pressure in children is increasingly recognised.' However, understanding of the determinants of blood pressure in childhood is incomplete and further research is needed to provide a basis for the development of effective prevention measures. Relationships in children between blood pressure and age, body composition, and family history of high blood pressure have now been extensively explored and documented in a number of epidemiological studies; blood pressure has been shown to increase with age2 3 and body size,47 and relatively high blood pressure has been observed in children from families with a history of high blood pressure. Relationships between blood pressure and body composition have been confirmed in experimental studies. '10 " Relationships between blood pressure and environmental and lifestyle factors such as diet and physical activity have been less thoroughly investigated and results have been inconsistent.
In an earlier study of nine year old children, '2 we observed a negative relationship between diastolic blood pressure and dietary energy intake in boys and speculated that this may have been a reflection of associations of both variables with physical activity. Dietary energy intake is influenced by physical activity'3 and has even been proposed as an indirect measure of the latter. '4 In a number of studies of children, blood pressure has been shown to be related to measures of physical activity and physical fitness (sometimes used as a surrogate measure of physical activity),'5-'9 although in other studies, such relationships were undetectable.20 21 In this paper we describe the relationships between blood pressure and measures of dietary energy intake, physical activity, and physical fitness in a cohort of Australian children aged 1 1-12 years. We confirm our earlier observation '2 of an inverse relationship between diastolic blood pressure and dietary energy intake in this cohort and test the hypotheses that blood pressure is inversely related to physical fitness and to habitual level of physical activity.
Methods

POPULATION SAMPLE
The target population comprised all children enrolled in year 7 classes in 27 government primary schools which had participated in an earlier survey in 1985,12 22 together with those children who had previously participated but who had subsequently moved to other schools. The 27 original schools were located in suburbs representative of the range of socioeconomic strata in metropolitan Perth. The parents of each student were sent letters requesting permission for the student's participation.
earlier Dinamap 845 XT model in this series have previously been described.23 24 31 and adults. 32 The length of time a subject is able to keep pace with a tape recorded signal can be used without conversion as a relative measure of physical fitness. Tests were conducted with groups of up to 15 children on tarmac surfaces using a fixed protocol.
Information on physical activity was collected using questionnaires competed by children and school staff. For each day of the week including weekend days children were asked to indicate the amount of time they usually spent doing out of school exercise or sports and the main type of exercise or sport concerned. The number of days per week on which they usually engaged in exercise or sport for at least one hour was used as a measure of the extent of out of school physical activity. The extent of in school physical activity was assessed by means of a questionnaire to school principals (27 main schools only). The total time per week scheduled for organised physical activity (including daily fitness, physical education, and sport) was computed for each school and each child was assigned to either a "low in school activity" group if his/her school fell on or below the median (a total of 150 minutes scheduled physical activity per week) or a "high in school activity" group if his/her school fell above this median value.
Additional data included the outside shade temperature in 'C at the time of blood pressure and socioeconomic status. Each postcode in Australia has been assigned a relative socioeconomic status rating by the Australian Bureau of Statistics based on census data obtained in 1981. Ratings typically range between 40 and 70 on a continuous scale. The rating on this scale applying to the child's home address was used directly as a measure of socioeconomic status.
STATISTICAL METHODS
Distributions of systolic and diastolic blood pressure were examined and found to be approximately normal. In exploratory analysis of relationships between blood pressure and single independent variables, relationships with categorical variables were examined using t tests and one way analysis of variance. Relationships with continuous independent variables were examined using Pearson correlation and one way analysis of variance after breaking down the continuous independent variable into quartiles or other logical categories.
Variables identified a priori as potential determinants of blood pressure in children and variables identified from the data as being related to blood pressure in this sample were then entered in combination in multiple regression analyses, with blood pressure as the dependent variable. After the entry of first order terms, quadratic and interaction terms were tested to see if they made any statistically significant additional contribution to explained variance in blood pressure. Backward elimination of variables was then used to restrict the variables in the final regression equation to those contributing significantly to explained variance in blood pressure. Finally, the relative contributions of these variables to explained variance in blood pressure was examined using a stepwise entry method.
Results
CHARACTERISTICS OF THE STUDY SAMPLE
A total of 2045 children were on record as having participated in 1985 and/or were on the year 7 class rolls of the main schools. Of these, 146 (7 10%) could not be traced, and a further 87 (4 3%) were traced to remote lcoations and were excluded from the study. Consent forms were sent to parents of the remaining 1812 children. Diastolic BP (mm Hg)* 66-9 6-9 66-7 6-4 * Before standardisation to child cuff BMI = body mass index; BP = blood pressure (2-0) min and 6-2 (1-6) min for boys and girls respectively. Blood pressure was not significantly correlated with run time in either boys or girls. Mean levels of blood pressure in boys and girls in run time quartiles are shown in table III. Blood pressure differences were modest. Girls with the highest cited) followed by cycling (11 %) and basketball (9%). Overall, however, non-specific exercise or sport ("playing" or "running around") was most common (23% of all activities cited). Similarly, among the girls, non-specific exercise or sport was most common (27% of all activities cited) followed by netball (16%), cycling (120/o), and ballet/dance/gymnastics (500).
The number of physically active days per week was negatively correlated with diastolic blood pressure in girls (r = 0 13, p = 0 001). In contrast, relationships with systolic blood pressure in girls and systolic and diastolic blood pressure in boys were non-significant. As indicated in table IV, there were only modest blood pressure differences between groups differing in extent of out of school physical activity during the week. Among the girls, those who reported the lowest number of days on which physical activity occurred had the highest diastolic blood pressure. There was no evidence of blood pressure differences between groups of boys and girls differing in terms of in school physical activity and no evidence of Based on regression equation (1) , an increment in dietary energy intake from 6 MJ to 9 MJ would be associated with a fall of 23 mm Hg and an increment from 9 MJ to 12 MJ would be associated with a fall of 0-3 mm Hg.
In the girls, 1250°o of variance in systolic blood pressure was explained by WT, SES, ENERGY, and ACTIVITY, these four variables contributing 9-700, 1-40o 0-70, and 0-70O respectively to explained variance. Based on regression equation (3), an increase in the number ofphysically active days per week from zero to seven would be associated with a decrease in systolic blood pressure of 2-9 mm Hg. In contrast, the observed relationship with ENERGY was positive, with a predicted systolic blood pressure rise of 09 mm Hg for every 2-1 MJ (approximately one standard deviation) increase in dietary energy intake.
Ofthe diastolic blood pressure variance in boys, 6 70o was explained by TEMP, TEMP2, ENERGY, BMI, and SUM4. Together, TEMP, and TEMP2 contributed 3-2°/o to explained variance, while ENERGY, BMI and SUM4 contributed 1-400, 1-000, and 1 1o0 respectively. Regression equation (2) predicts a fall of 0 7 mm Hg associated with a 2-3 MJ increase (approximately one standard deviation) in dietary energy intake.
Of the diastolic blood pressure variance in girls, 6-1°0 was explained by ACTIVITY, AGE, and SES. ACTIVITY (2-70°) and SES were the main contributors, followed by AGE (0 900). Based on regression equation (4), an increase in the number of physically active days per week from 0 to 7 days would be associated with a decrease in diastolic blood pressure of 3-9 mm Hg. Discussion In summary, we observed an independent, inverse relationship between diastolic blood pressure and dietary energy intake in boys. There was no evidence of a similar relationship in girls. Blood pressure was inversely related to the questionnaire based measure of physical activity in girls but not in boys. Overall, the proportions of blood pressure variance explained by dietary energy intake and physical activity were modest. After adjustment for other variables in multiple regression analyses, no statistically significant relationships were observed between blood pressure and physical fitness in either sex.
It is important to consider whether biases may have been introduced as a result of measurement error. There are no grounds for suspecting that any of the measures used in this study were subject to systematic error. Given the scale of the study and the nature of the population sample some trade offwas necessary between precision on the one hand and practicability on the other, and a degree of random measurement error is to be expected. Random error, in turn, causes bias towards the null, ie, underestimation of the strength of relationships.
Although the blood pressure measurement method, based on three consecutive readings taken after a five minute rest period, was relatively elaborate compared to some previous epidemiological studies of blood pressure in children, it 
clearly has limitations as a method for the measurement of "usual" blood pressure. Similarly, ifa dietary assessment method based on two weekday 24 h diet records is used as a method of assessing "usual" dietary intake there will inevitably be some random error. Establishing the true validity and accuracy of methods such as these for the measurement of usual blood pressure and usual dietary intakes is effectively impossible. The best that can be achieved is a relative validation such as that carried out for the present dietary assessment method.28 Although the statistical relationships between blood pressure and dietary variables described in this paper may not truly reflect the strength of actual relationships in the population, we feel that the present measurement methods are sufficiently valid and accurate that important relationships are unlikely to have been missed.
Physical fitness measurements obtained using the 20 m shuttle run test have been shown to correlate well with measurements obtained using standard V02 methods.3>32 In contrast to several previous studies,15-19 we failed to detect an inverse relationship between physical fitness and blood pressure in boys. Among the girls, those with the lowest shuttle run times had the lowest mean systolic blood pressure, but there was no evidence of a progressive decrease in blood pressure from the least fit to the most fit girls. Methods In spite of the lack of strong relationships between the measures of physical activity and dietary energy intake used in the present study, it is reasonable to assume, based on the laws of thermodynamics, that actual physical activity level is a determinant of actual dietary energy intake. In view of this and in view of the body of evidence of inverse relationships between blood pressure and measures of physical activity, the present observation of a positive regression relationship between systolic blood pressure and dietary energy intake in girls seems incongruous. The observed relationship was weak and it is conceivable that it was a chance result. Alternatively, it may indicate a complex role of energy intake in the data set. Once the hypothesised blood pressure variance due to variations in physical activity has been partially or completely "explained" by the variable ACTIVITY, the variable ENERGY may assume a different role in the data set. If, for example, other determinants of dietary energy intake such as basal metabolic rate are themselves directly related to blood pressure, the nature of the association between ENERGY and blood pressure may be influenced. Alternatively, total energy may be acting as a surrogate for some characteristic of diet with a prohypertensive effect.
Compared to dietary energy intake, physical activity and physical fitness, weight, and body mass index were rather better predictors of systolic blood pressure. In boys, an increment in body mass index of 2 5 kg/m2 (approximately one standard deviation) was associated with an increment in systolic blood pressure of 1 6 mm Hg. In girls, an increment in weight of 8 kg (approximately one standard deviation) was associated with an increment in systolic blood pressure of 3 3 mm Hg. A complex relationship was observed between diastolic blood pressure and body composition in boys in which diastolic blood pressure was negatively related to body mass index and positively related to the sum of four skinfold thicknesses, each of which contributed around 1 0 to explained diastolic blood pressure variance. These data suggest that diastolic blood pressure is related more to body composition than to overall body size; boys in a certain body mass 
